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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a bright projection optical device 
whose 

iUumination efficiency is good though it is compact because of a simple 
constitution by using a diffusing hologram enlarging the image of the exit 
pupil of a projection optical system, which is obtained by projecting the exit 
pupil thereof to an observation position, to a restricted area. 

SOLUTION: The projection optical device is equipped with at least three 
projection optical systems 1; 1R, 1G and 1B for enlarging and projecting a 
video displayed on a display element, and equipped with concave mirrors 2 
and 
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2' projecting the exit pupils 8R, 8G and 8B of the projection optical systems 
to an observer side, and a diffusing plate 3 arranged near the image projected 
by the projection optical system and consisting of a transmission type 
hologram 

enlarging the images of the exit pupils 8R, 8G and 8B of the projection optical 
systems projected by the concave mirrors 2 and 2', and is constituted so that 
the images 4" of the exit pupils of the respective projection optical systems 
projected by the concave mirrors and enlarged by the diffusing plate 
consisting 

of the transmission type hologram are projected so that they may at least 
partially overlap each other. 
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(54) PROJECTION OPTICAL DEVICE 

(57)Abstract: t*f 
PROBLEM TO BE SOLVED: To provide a bright projection optical 
device whose illumination efficiency is good though it is compact 
because of a simple constitution by using a diffusing hologram 
enlarging the image of the exit pupil of a projection optical system, 
which is obtained by projecting the exit pupil thereof to an observation 
position, to a restricted area. 

SOLUTION: The projection optical device is equipped with at least 
three projection optical systems 1; 1R, 1G and 1B for enlarging and 
projecting a video displayed on a display element, and equipped with 
concave mirrors 2 and 2' projecting the exit pupils 8R, 8G and 8B of 
the projection optical systems to an observer side, and a diffusing 
plate 3 arranged near the image projected by the projection optical 
system and consisting of a transmission type hologram enlarging the 
images of the exit pupils 8R, 8G and 8B of the projection optical 
systems projected by the concave mirrors 2 and 2\ and is constituted so that the images 4' of the exit pupils 
of the respective projection optical systems projected by the concave mirrors and enlarged by the diffusing 
plate consisting of the transmission type hologram are projected so that they may at least partially overlap 
each other. 
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CLAIMS 


[Claim(s)] 
[Claim 1] 

The concave mirror which is equipped with at least three projection optics which carries out expansion projection of the 
image respectively displayed on the display device including the display device, and projects the exit pupil of said at 
least three projection optics on an observer side, It has been arranged near the image projected by said at least three 
projection optics, and has the diffusion plate which consists of a transparency mold hologram which expands the image 
of the exit pupil of said at least three projection optics projected with said concave mirror. Projection optics equipment 
characterized by being projected with said concave mirror, and for the image of the exit pupil of each projection optics 
expanded with the diffusion plate which consists of said transparency mold hologram lapping mutually in part at least, 
and projecting it on it. 
[Claim 2] 

The projection-optics equipment according to claim 1 characterized by to be arranged so that the include angle which 
penetrates the diffusion plate with which the beam of light which results in the image of the exit pupil of said at least 
three projection optics to each of said expanded projection optics becomes the 1st time from said transparency mold 
hologram in the arrangement which penetrates twice the diffusion plate which consists of said transparency mold 
hologram may differ from the include angle which penetrate the diffusion plate which becomes the 2nd time from said 
transparency mold hologram. 
[Claim 3] 

Projection optics equipment according to claim 1 or 2 characterized by said concave mirror consisting of Fresnel 
lieberkuhn. 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

Especially this invention relates to the projection optics equipment using the diffusion plate which consists of a 

hologram about projection optics equipment. 

[0002] 

[Description of the Prior Art] 

Projection optics equipment using the diffusion hologram as a screen is variously proposed from the former. However, 
since it is spread so that the light from the image projected on the screen side may be extended to some extent, the 
screen using the conventional diffusion hologram is used. This is the same as that of the diffusing screen which comes 
to mix usual white pigments or a usual transparence particle. However, since a diffusion hologram can restrict the 
diffusion angle of the diffused light which comes out of it, a comparatively bright image can be projected. 
[0003] 

[Problem(s) to be Solved by the Invention] 

However, in conventional projection optics equipment, since the view of restricting an observation location was not 
taken, even if it used the diffusion hologram, an image bright enough was not able to be projected. Therefore, it was 
small in the illumination-light study system, and the projection optics equipment which can project a bright image 
using the thing of low-power output was not able to be constituted. 
[0004] 

It is that lighting effectiveness offers good bright projection optics equipment with an easy configuration using the 
diffusion hologram expanded to the field which this invention was made [ field ] in view of such a trouble of the 
conventional technique, and the purpose projected [ field ] the exit pupil of projection optics on the observation 
location, and had the image of the projected exit pupil restricted though it is small. 
[0005] 

[Means for Solving the Problem] 

The projection optics equipment of this invention which attains the above-mentioned purpose The concave mirror 
which is equipped with at least three projection optics which carries out expansion projection of the image respectively 
displayed on the display device including the display device, and projects the exit pupil of said at least three projection 
optics on an observer side, It has been arranged near the image projected by said at least three projection optics, and has 
the diffusion plate which consists of a transparency mold hologram which expands the image of the exit pupil of said at 
least three projection optics projected with said concave mirror. It is characterized by being projected with said concave 
mirror, and for the image of the exit pupil of each projection optics expanded with the diffusion plate which consists of 
said transparency mold hologram lapping mutually in part at least, and projecting it on it. 
[0006] 

In this case, it is desirable to be arranged so that the include angle which penetrates the diffusion plate with which the 
beam of light which results in the image of the exit pupil of said at least three projection optics to each of said 
expanded projection optics becomes the 1st time from said transparency mold hologram in the arrangement which 
penetrates twice the diffusion plate which consists of said transparency mold hologram may differ from the include 
angle which penetrates the diffusion plate which becomes the 2nd time from said transparency mold hologram. 
[0007] 

Moreover, as for said concave mirror, consisting of Fresnel lieberkuhnis desirable. 
[0008] 

[Embodiment of the Invention] 

The reason for below taking the above-mentioned configuration in this invention and its operation are explained. 
[0009] 


Th6 example of arrangement of the projection optics equipment constituted by drawing 1 (b) again based on this 
invention in the typical optical-path Fig. by one projection optics 1 of the projection optics equipment constituted by 
drawing 1 (a) based on this invention is shown. In addition, in drawing 1 (b), the concave mirror 2 consists of Fresnel 
lieberkuhn 2\ In addition, about projection optics 1, 1R, 1G, and IB, illustration of a display device and the source of 
the illumination light is excluded. As shown in drawing 1 (a), expansion projection of the image (the image in which 
the deviation scan was carried out and the flux of light from the light source was formed with the scan means is 
included) displayed on the display device is carried out by projection optics 1. And near [ the ] the projection image, 
the diffusion plate 3 and the concave mirror 2 of eyepiece optical system are arranged. Here, the diffusion plate 3 
consists of a transparency mold hologram. A concave mirror 2 projects the exit pupil of projection optics 1 on a 
position as an exit pupil image 4. This position is carrying out abbreviation coincidence with Observers M eyeball E, 
as shown in drawing 1 (b). The exit pupil image 4 formed of the eyepiece optical system 2 of projection optics 1 is 
expanded to exit pupil image 4* of the magnitude which is easy to observe with the diffusion plate 3. Thereby, even if 
the location of Observer's M eye E shifts from the location of the exit pupil image 4 somewhat, it becomes possible to 
observe a projection image as an observation image. Consequently, the projection optics equipment which it is bright 
and is easy to observe is obtained. 
[0010] 

However, since the diffusion plate 3 consists of holograms, it has wavelength dispersion. Therefore, if wavelength 
differs, a diffusion angle (angle of diffraction) will change. Therefore, in the case of drawing 1 (a), the location of 
expanded exit pupil image 4' shifts in the vertical direction according to wavelength. Therefore, in displaying a color 
image, as projection optics, it becomes a configuration as shown, for example in drawing 1 (b). <A HREF = — " — /-- 
Tokujitu/tjitemdrw . - ipdl?N - 0000 - = - 239 - & - N 0500 - = four - E_N - /-; > - nine -<-?-> - 
789 - /-- /-- /-- & - N -- 0001 - = » 915 » & - N - 0552 - - - nine ~ & ~ N - 0553 = 00001 1 » " - 
TARGET- 1 tjitemdrw"> drawing 1 In (b), three projection optics 1R, 1G, and IB which displays the image 
disassembled into each color of R (red), G (green), and B (blue) is used. Here, it arranges in the location of the vertical 
direction of drawing 1 (b), and projection optics 1R, 1G, and IB is arranged in it so that the incident angles of the 
projection light to a concave mirror 2 may differ and each projection image on the diffusion plate 3 may lap. While 
compensating wavelength dispersion with the diffusion plate 3 by such configuration, he is trying for the location of 
exit pupil image 4 f expanded according to each projection optics 1R, 1G, and IB to lap mutually (the after-mentioned 
explanation explains this point more concretely.). 
[0011] 

Here, the description in this invention is a point which arranges the diffusion plate 3 to the incidence side of the 
concave mirror 2 of eyepiece optical system, as shown in drawing 1 (a). In addition to such a configuration, since the 
diffusion plate 3 is a transparency mold hologram, the beam of light from projection optics 1 to the location of exit 
pupil 4 f of equipment penetrates the diffusion plate 3 twice [ a total of] both ways. Since it has such a description, light 
will be twice diffracted with the diffusion plate 3. He changes positively the include angle which penetrates the 1st 
diffusion plate (before carrying out incidence to a concave mirror 2) 3, and the include angle which penetrates the 2nd 
diffusion plate (after carrying out incidence to a concave mirror 2) 3, and is trying to avoid one of diffraction by the 
include-angle selectivity of the diffusion plate 3 (here hologram) by this invention based on this. A postscript is carried 
out about arrangement for that. 
[0012] 

And as for the diffusion plate 3, it is desirable that the diffusion angle is 20 degrees or less in full width at half 
maximum. If the diffusion angle of the diffusion plate 3 exceeds 20 degrees with full width at half maximum, a 
diffusion angle will become large too much. In this case, although an observation viewing area spreads, the brightness 
of an observation image will become dark and the lighting system which illuminates an observation body will become 
large-scale. As for the diffusion angle of the diffusion plate 3, it is desirable that there are 10 degrees or more with full 
width at half maximum still more preferably. If it does in this way, it will become more legible projection optics 
equipment. 
[0013] 

Moreover, as for the diffusion plate 3, it is desirable to have the diffusion property that a diffusion angle full [ 1/10 ] 
becomes 40 degrees or less. Furthermore, it is desirable to have the diffusion property that a diffusion angle becomes 
30 degrees or less at the 1/10 full one. 
[0014] 

Moreover, as for the diffusion angle of the diffusion plate 3, in a configuration of observing a stereoscopic model, it is 
desirable that it is 8 degrees or less in full width at half maximum. Moreover, it is desirable that a diffusion angle full 
[ 1/10 ] is 12 degrees or less. 
[0015] 

Next, the relation between a crookedness operation of the diffusion plate 3 and wavelength dispersion and the 


arrangement relation between the concave mirror 2 of eyepiece optical system and the diffusion plate 3 are explained. 
Since the diffusion plate 3 is a hologram, it is produced by interference record with a reference beam and the body light 
from the source of the diffused light (secondary light source). At this time, it is in direct communication, without the 
shaft top chief ray 6 from projection optics 1 carrying out 1st incidence to a reference beam and body light being 
records by coaxial (in-line) arrangement at the diffusion plate 3, as shown in drawing 2 (a), and being crooked with the 
diffusion plate 3. And it is reflected with a concave mirror 2, and the chief ray which was in direct communication in 
the diffusion plate 3 changes a direction, carries out incidence of the diffusion plate 3 from a rear-face side, and is in 
direct communication in the diffusion plate 3. Under the present circumstances, if whenever [ incident angle / of 
incident light ] has satisfied whenever [ playback light incident angle / of a hologram ] (include angle which diffraction 
efficiency becomes near the peak) in the case of the 1st incidence, in case it is the transparency which is the 2nd time, 
most of that diffused light is in direct communication [ the diffused light by diffraction is distributed over the 
surroundings of the chief ray which is in direct communication in the case of the 1st transparency, and ]. On the other 
hand, if whenever [ incident angle / of incident light ] has satisfied whenever [ playback light incident angle ] in the 
case of the 2nd incidence, the diffused light by diffraction is distributed over the surroundings of the chief ray which 
the shaft top chief ray 6 is almost in direct communication in the case of the 1st transparency, without diffracting, and 
is in direct communication in the case of the 2nd transparency. In any case, it is the zero-order light 70. Chief ray 71 It 
progresses in the same direction. Drawing 2 (a) shows this situation and is not illustrating the diffused light. Zero-order 
light 70 which is not diffracted with the diffusion plate 3 in this drawing Chief ray 71 in the diffracted diffused light 
(main beam of light) It is illustrating. In this drawing, it is the zero-order light 70. Chief ray 71 It progresses in the 
same direction and the core of exit pupil 4' of equipment is arrived at. therefore, zero-order light 70 which is not 
diffused not only by the diffused light but by diffraction when the diffusion plate 3 does not have a crookedness 
operation of an optical path only by the diffusion, as shown in drawing 2 (a) up to — exit pupil 4 f is reached. 
Consequently, it is the zero-order light 70 to the image core observed. A spot can be seen and it is not desirable. 
[0016] 

Then, a reference beam and body light use the hologram mutually recorded due to the off-line arrangement which is not 
the same axle as a diffusion plate 3. When satisfying and diffracting whenever [ playback light incident angle ], 
wavelength dispersion produces the diffusion plate 3 recorded by such off-line arrangement with crookedness of a 
beam of light. An optical path as shown in drawing 2 (b) and (c), and an optical path as shown in drawing 3 (a) and (b) 
are taken according to the crookedness direction. Here, drawing 2 (b) and (c) are the cases where conditions are 
satisfied in the case of the 1st incidence, whenever [ playback light incident angle / of the diffusion plate 3 ]. Moreover, 
drawing 3 (a) and (b) are the cases where it is satisfied in the case of the 2nd incidence. Drawing 2 (b) and drawing 3 
(a) are the cases where the crookedness direction of a beam of light is a direction where an angle of diffraction becomes 
small to the incident angle over the normal of the diffusion plate 3, and drawing 2 (c) and drawing 3 (b) are the cases 
where it is the direction where an angle of diffraction becomes large to an incident angle. Illustration of the inside of 
each drawing and the diffused light is 7R, respectively about the chief ray (main beam of light) of the wavelength of R, 
G, and B which excluded, and were diffracted and crooked with the diffusion plate 3. 7G 7B It is shown, zero-order 
light 70 which will not be diffracted by the hologram if a transparency mold hologram with the operation which makes 
a beam of light crooked is used as a diffusion plate 3 so that clearly from each drawing Diffracted-light 7R 7G 7B from 
— it is separable. Consequently, zero-order light becomes possible to constitute so that incidence may not be carried out 
at exit pupil 4' of equipment. Specifically, it is the zero-order light 70 to the location which the pupil diameter separated 
from the core of exit pupil 4' 1/2 or more in the location of exit pupil 4' of equipment. Constituting so that incidence 
may be carried out is desirable. 
[0017] 

In addition, the absolute value gamma of the difference of the above-mentioned incident angle and an angle of 
diffraction defines the angle of bend (angle of deviation) in a transparency mold hologram, and if an angle of bend 
gamma is too small when measuring the angle of bend by d line (wavelength of 587.6nm), zero-order light will carry 
out incidence into an observation image as mentioned above. On the contrary, if too large, spacing between the 
projection optics 1R and 1G arranged in order to compensate wavelength dispersion, and IB will become large too 
much. Consequently, the distortion (swing-and-tilt distortion) difference between the projection images of R, G, and B 
on the diffusion plate 3 becomes large too much, and it is hard coming to observe a normal color image. 
[0018] 

Therefore, the angle of bend gamma in d line of the diffusion plate 3 (angle of deviation) (d line) 
gamma> 1 degree ... (1) 
It is good to fill ******. 
[0019] 

It is to a pan, 

gamma> 2 degrees ... (1-1) 


It is desirable to satisfy the becoming conditions. 
[0020] 

It is to a pan, 

gamma> 10 degrees ... (1-2) 

It is desirable to satisfy the becoming conditions. 

[0021] 

moreover 

gamma< 45 degrees ... (2) 
It is good to fill ******. 
[0022] 

It is to a pan, 

gamma< 20 degrees ... (2-1) 

It is desirable to satisfy the becoming conditions. 

[0023] 

If (2-1) is combined with the above-mentioned conditions (1-2), it will become the following conditions (3). 
[0024] 

10 degrees < gamma< 20 degrees ... (3) 

This condition (3) is explained further. If less than 10 degrees of the minimum of this condition, separation with the 
normal observation light which makes zero-order light and a display image observable will decrease. Therefore, if an 
observer moves the head just for a moment, zero-order light will go into an eye and will become dazzling more often. 
Moreover, if 20 degrees of the upper limit of this condition are exceeded, the distortion difference between the 
projection images of R, G, and B on the diffusion plate 3 will become large too much, and it will be hard coming to 
observe a normal color image. 
[0025] 

By the way, it sets to drawing 2 and drawing 3 , and is the shaft top chief ray 6 or the zero-order light 70 from 
projection optics 1 . It considered carrying out incidence to a concave mirror 2 aslant (an include angle beta being made 
to the normal in the incidence location of a concave mirror 2.). Here, they are the shaft top chief ray 6 or the zero-order 
light 70. Chief ray 7R which will be injected from a hologram after passing the diffusion plate 3 twice if incidence is 
carried out to a concave mirror 2 at an abbreviation right angle (beta**0 degree) 7G 7B It goes to the shaft top chief ray 
6 and an abbreviation opposite direction. Therefore, the location and projection optics 1 of exit pupil 4' of equipment 
will interfere. Then, the shaft top chief ray 6 or its zero-order light 70 from the projection optics 1 which carries out 
incidence to a concave mirror 2 Incident angle beta to a concave mirror 2 (d line) 
0 degree < beta< 45 degrees ... (4) 
It is desirable to fill ******. 
[0026] 

It is to a pan, 

5 degrees < beta< 20 degrees ... (4-1) 

It is desirable to satisfy the becoming conditions. 

[0027] 

This condition (4-1) is explained further. If less than 5 degrees of the minimum of this condition, the eccentricity of a 
concave mirror 2 will become small. Therefore, conjugation playback takes place with the diffusion plate 3, and the 
available quantity of light falls to display image observation. Moreover, if 20 degrees of the upper limit of this 
condition are exceeded, the eccentricity of a concave mirror 2 will become large too much. Therefore, the pupil 
aberration projected will become large and it will become difficult to observe the image of uniform brightness. 
[0028] 

Moreover, in drawing 2 and drawing 3 , the location as for which the shaft top chief ray 6 from projection optics 1 
carries out incidence to the diffusion plate 3 and the concave mirror 2 by the side of the rear face shall be based on each 
abbreviation, and there shall be no eccentricity between the diffusion plate 3 and a concave mirror 2. In that case, 
projection light (diffracted light) 7R which passed the diffusion plate 3 twice so that clearly from drawing 2 and 
drawing 3 7G 7B An include angle will be made to the normal of the field of the diffusion plate 3. Exit pupil 4' of 
equipment stops therefore, locating in the transverse plane of the diffusion plate 3. If it is in this condition and an 
observer will double an eyeball location with the location of exit pupil 4', an observer will look at the image projected 
from across, the image observed will turn into a swing-and-tilt image, and image distortion will generate it. Then, as 
shown in drawing 4 (a) - (c), eccentricity of the concave mirror 2 is carried out to the diffusion plate 3 (eccentricity of 
any drawing is carried out upwards.). Thus, chief ray 7R reflected with the concave mirror 2 when the diffusion plate 3 
was passed at the 2nd times 7G 7B He is trying to make an abbreviation right angle to the diffusion plate 3. In addition, 
drawing 4 (a) - (c) supports drawing 2 (a) - (c), respectively. 


[0029]' ' 

By the way, it is chief ray 7R of the wavelength of R, G, and B which passed through the diffusion plate 3 and the 
concave mirror 2 when the single projection optics 1 was used so that clearly from drawing 2 - drawing 4 . 7G 7B It 
injects from the diffusion plate 3 and a concave mirror 2 at a different include angle for the wavelength dispersion by 
the transparency mold hologram of the diffusion plate 3. Therefore, a gap occurs in the location of expanded exit pupil 
image 4' by each wavelength. Consequently, the exit pupil range which normal color reproduction nature is not 
obtained or can observe a color image by normal color reproduction nature will become narrow. Then, as described 
above, three projection optics 1R, 1G, and IB which displays the image disassembled for every color of R, G, and B is 
used. And the incident angles of the projection light to a concave mirror 2 differ, and these projection optics 1R, 1G, 
and IB is arranged to juxtaposition in the vertical direction. In that case, each projection image on the diffusion plate 3 
arranges so that it may lap. Such wavelength dispersion with the diffusion plate 3 is compensated with making it such a 
configuration, and the location of exit pupil image 4' expanded by these projection optics 1R, 1G, and IB can lap 
mutually. 
[0030] 

Concretely, in order, in the case of drawing 2 (b), drawing 3 (a), and drawing 4 (b), projection optics IB which projects 
the color-separation image of projection optics 1R which project the color-separation image of R, projection optics 1G 
which project the color-separation image of G, and B is arranged in parallel up and down from a top to the bottom, and 
it arranges it to it. Thereby, it is chief ray 7G of the wavelength of G. To a location, they are other R and chief ray 7R 
of the wavelength of B. 7B It can be made in agreement. Consequently, expanded large exit pupil image 4' which was 
in agreement on all wavelength can be obtained. Moreover, contrary to the above, in the case of drawing 2 (c), drawing 
3 (b), and drawing 4 (c), projection optics 1R which projects the color-separation image of projection optics IB which 
project the color-separation image of B, projection optics 1G which project the color-separation image of G, and R is 
arranged in parallel up and down from a top to the bottom, and it arranges it in order to it. Thereby, it is chief ray 7G of 
the wavelength of G. To a location, they are other R and chief ray 7R of the wavelength of B. 7B It can be made in 
agreement. Consequently, expanded large exit pupil image 4' which was in agreement on all wavelength can be 
obtained. 
[0031] 

In addition, on projection optics 1 and 1R and the 1 diffusion plate 3, since incidence of slant to the projection image is 
carried out, the projection image on the diffusion plate 3 also turns into a swing-and-tilt image from G and IB, and 
image distortion occurs. Therefore, as for projection optics 1, 1R, 1G, and IB, it is desirable to use a thing with the 
function which amends the image distortion of such a swing-and-tilt image. 
[0032] 

Moreover, exit pupil 4' of equipment is made to be located in the transverse plane of the diffusion plate 3, and it is the 
shaft top chief ray 6 or the zero-order light 70 from projection optics 1, 1R, 1G, and IB. It may be made to carry out 
incidence to a concave mirror 2 aslant. Thereby, the effectiveness which is not made to carry out incidence is also 
acquired by exit pupil 4 f of equipment in surface specular reflection light. The projection light which carries out 
incidence to the diffusion plate 3 from projection optics 1, 1R, 1G, and IB is the light reflected on that front face, and 
this transverse-plane specular reflection light turns into noise light. 
[0033] 

in addition, the ratio of the above-mentioned angle of bend (angle of deviation) gamma and the incident angle beta to a 

concave mirror 2 - gamma/beta, 

0.5< gamma/beta <2 ... (5) 

It is desirable to fill ******. 

[0034] 

This condition (5) is explained. If less than 0.5 of the minimum of this condition, the angle of bend of the diffusion 
plate 3 will become small. Therefore, the zero-order light which is not diffracted with the diffusion plate 3 will carry 
out incidence to exit pupil 4 f of equipment, and a spot flare will take an observation image. Moreover, if 2 of an upper 
limit is exceeded, the eccentricity of a concave mirror 2 will become comparatively small. In this case, after carrying 
out incidence to the diffusion plate 3 and reflecting with a concave mirror 2, the beam of light which it is reflected by 
Fresnel reflection although it is very small with the rear face of the diffusion plate 3, and is again reflected with a 
concave mirror 2 exists. And the beam of light will carry out incidence to exit pupil 4'. Since this beam of light will 
also be observed as a spot flare, it is not desirable. 
[0035] 

It is to a pan, 

KgamnWbeta<1.5 ... (5-1) 

It is more desirable to satisfy the becoming conditions in respect of a spot flare. 
[0036] 


By'the way, when using the diffusion plate 3, as for the light source which illuminates a display device, or the light 
source which generates the flux of light which carries out incidence to a scan means, it is desirable to use 
monochromatic high LED and LD. 
[0037] 

Below, the examples 1-4 of the projection optics equipment of this invention are explained. Also in which example, a 
concave mirror 2 produces the operation which carries out expansion projection of the exit pupil of projection optics 
1R, 1G, and IB, and the diffusion plate 3 combines it, and it constitutes optical system. Moreover, the concave mirror 2 
consists of Fresnel lieberkuhn 2\ Moreover, in each example, ray tracing in the after-mentioned configuration 
parameter makes a body side exit pupil 8G of projection optics 1G arranged at the core, makes the image surface exit 
pupil (exit pupil image to which exit pupil 4 was expanded) 4' of equipment, and is performing it by follow light line 
tracking (wavelength of 587.6nm) from the core of exit pupil 8G of projection optics 1G to exit pupil 4 f of equipment. 
[0038] 

The optical-path Fig. in the Y-Z cross section of an example 1 is shown in drawing 5 and drawing 6 . Drawing 5 and 
drawing 6 are the situation of the beam of light of a between here until they reach the image surface from each exit 
pupils 8R, 8G, and 8B of projection optics 1R, 1G, and IB, drawing 5 is the situation of the zero-order light 1 1R, 1 1G, 
and 1 IB of each wavelength, and drawing 6 is the situation of the surface specular reflection light 12R, 12G, and 12B. 
Moreover, photography arrangement of the transparency mold hologram used for the diffusion plate 3 of this example 
at drawing 7 is shown. The figure in drawing 7 is mm unit. 
[0039] 

An example 1 is an example in the case of being the direction where it corresponds to drawing 2 (c), it is satisfied in 
case it is the incidence whose conditions are the 1st time whenever [ playback light incident angle ], and it does not 
diffract to the 2nd time, and an angle of diffraction becomes large to an incident angle [ as opposed to the normal of the 
field of the diffusion plate 3 in the crookedness direction of a beam of light ]. moreover - if Fresnel lieberkuhn 2' 
consists of Fresnel rear-face mirrors and sets the incident angle to gamma and Fresnel lieberkuhn 2 f to beta for the 
amount of angle of deviation according the eccentricity of the Fresnel rear-face mirror to the diffusion plate 3 of chief 
ray 10G on MY and a shaft 
MY=1 57.23mm 

gamma= 15.00 degrees (in inside of the ** material of a refractive index 1.4924) 
beta= 12.57 degrees (in inside of the ** material of a refractive index 1.4924) 
Gamma/beta =1.19 

It comes out. Moreover, when setting the incident angle (eccentric angle) of the shaft top chief rays 10R, 10G, and 10B 
to the 1st page (flat surface by the side of the incidence of the diffusion plate 3) to theta from the exit pupils 8R, 8G, 
and 8B of each projection optics 1R, 1G, and IB and setting wavelength from projection optics 1R, 1G, and IB to 
656.3nm, 587.6nm, and 486.13nm, respectively, 
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It comes out. 
[0040] 

Moreover, the exposure conditions of the transparency mold hologram used as a diffusion plate 3 are as being shown in 
drawing 7 (a). The system of coordinates in the case of exposure make a zero the probe index of chief ray 10G on the 
shaft of the field of a transparency mold hologram, make a hologram side a X-Y side, and set the Z-axis as the direction 
which separates from exit pupil 8G of projection optics 1G. At this time, as shown in drawing 7 (b), vertical x width is 
set to 190mmx250mm for the dimension of a hologram. Moreover, the 1st light source location for exposure (XI, Yl, 
Zl) is as follows, and is made into the point light source. 
[0041] 

(X1,Y1,Z1)=(0,297.1 1,-578.12) 

Moreover, the 2nd light source center position (X2, Y2, Z2) is as follows. And as shown in drawing 7 (c), vertical x 

width considers as the diffusing-surface light source with the area which is 86.67mmx86.67mm. 

[0042] 

(X2,Y2,Z2)=(0,435.32,-482.72) 


The transparency mold hologram produced on the above exposure conditions is used as a diffusion plate 3. Thereby, 
the flux of light of each wavelength diffused with the diffusion plate 3 is reflected by Fresnel lieberkuhn 2'. Moreover, 
the exit pupil range observable with sufficient color reproduction nature by the observer pupil surface becomes 
expansion pupil 4 f of the square whose vertical x width is 60mmx60mm, and the circular pupil of phi 60 becomes 
possible into it. 
[0043] 

The optical-path Fig. in the Y-Z cross section of an example 2 is shown in drawing 8 and drawing 9 . Drawing 8 and 
drawing 9 are the situation of the beam of light of a between here until they reach the image surface from each exit 
pupils 8R, 8G, and 8B of projection optics 1R, 1G, and IB, drawing 8 is the situation of the zero-order light 1 1R, 1 1G, 
and 1 IB of each wavelength, and drawing 9 is the situation of the surface specular reflection light 12R, 12G, and 12B. 
Moreover, photography arrangement of the transparency mold hologram used for the diffusion plate 3 of this example 
at drawing 10 is shown. The figure in drawing 10 is mm unit. 
[0044] 

An example 2 is an example in the case of being the direction where it corresponds to drawing 2 (b), it is satisfied in 
case it is the incidence whose conditions are the 1st time whenever [ playback light incident angle ], and it does not 
diffract to the 2nd time, and an angle of diffraction becomes small to an incident angle [ as opposed to the normal of the 
field of the diffusion plate 3 in the crookedness direction of a beam of light ]. Moreover, Fresnel lieberkuhn 2' consists 
of Fresnel rear-face mirrors, and the incident angle to gamma and Fresnel lieberkuhn 2 f is set to beta for the amount of 
angle of deviation according the eccentricity of the Fresnel rear-face mirror to the transparency mold hologram 3 of 
chief ray 10G on MY and a shaft, 
MY=43.23mm 

gamma= 15.00 degrees (in inside of the ** material of a refractive index 1.4924) 
beta= 3.36 degrees (in inside of the ** material of a refractive index 1.4924) 
Gamma/beta = 4.46 

It comes out. Moreover, when setting the incident angle (eccentric angle) of the shaft top chief rays 10R, 10G, and 10B 
to the 1st page (flat surface by the side of the incidence of the diffusion plate 3) to theta from the exit pupils 8R, 8G, 
and 8B of each projection optics 1R, 1G, and IB and setting wavelength from projection optics 1R, 1G, and IB to 
656. 3nm, 587. 6nm, and 486.13nm, respectively, 
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It comes out. 
[0045] 

Moreover, the exposure conditions of the transparency mold hologram used as a diffusion plate 3 are as being shown in 
drawing 10 (a). The system of coordinates in the case of exposure make a zero the probe index of chief ray 10G on the 
shaft of the field of a transparency mold hologram, make a hologram side a X-Y side, and set the Z-axis as the direction 
which separates from exit pupil 8G of projection optics 1G. At this time, as shown in drawing 10 (b), vertical x width is 
set to 190mmx250mm for the dimension of a hologram. Moreover, the 1st light source location for exposure (XI, Yl, 
Zl) is as follows, and is made into the point light source. 
[0046] 

(X1,Y1,Z1)=(0,297.1 1,-578.12) 

Moreover, the 2nd light source center position (X2, Y2, Z2) is as follows, and as shown in drawing 10 (c), vertical x 

width makes it the diffusing-surface light source with the area which is 86.67mmx86.67mm. 

[0047] 

(X2,Y2,Z2)=(0,136.36,-635.53) 

more than - exposure - conditions - having produced - transparency - a mold -- a hologram - diffusion - a plate - 
three - ****** - using it - things -- diffusion - a plate ~ three - being spread - having had - each - wavelength 
the flux of light - Fresnel - the lieberkuhn ~ two - 1 - reflecting ~ having had after ~ an observer - a pupil surface 

- color reproduction - a sex - good ~ being observable - an exit pupil - the range -- length - x - width - 60 ~ mm - 

- x - 60 - mm - it is - a square - expansion a pupil « four - ' - becoming - the inside of it ~ the circular pupil of 
phi 60 - possible - becoming . 


[0048]* 

The optical-path Fig. in the Y-Z cross section of an example 3 is shown in drawing 1 1 and drawing 12 . Drawing 1 1 
and drawing 12 are the situation of the beam of light of a between here until they reach the image surface from each 
exit pupils 8R, 8G, and 8B of projection optics 1R, 1G, and IB, drawing 1 1 is the situation of the zero-order light 1 1R, 
1 1G, and 1 IB of each wavelength, and drawing 12 is the situation of the surface specular reflection light 12R, 12G, and 
12B. Moreover, photography arrangement of the transparency mold hologram used for the diffusion plate 3 of this 
example at drawing 13 is shown. The figure in drawing 13 is mm unit. 
[0049] ^~ 

An example 3 is an example in the case of being the direction where it corresponds to drawing 3 (a), it is satisfied in 
case it is the incidence whose conditions are the 2nd time whenever [ playback light incident angle ], and it does not 
diffract to the 1st time, and an angle of diffraction becomes small to an incident angle [ as opposed to the normal of the 
field of the diffusion plate 3 in the crookedness direction of a beam of light ]. moreover — if Fresnel lieberkuhn 2' 
consists of Fresnel rear-face mirrors and sets the incident angle to gamma and Fresnel lieberkuhn 2 f to beta for the 
amount of angle of deviation according the eccentricity of the Fresnel rear-face mirror to the transparency mold 
hologram 3 of chief ray 10G on MY and a shaft 
MY=49.77mm 

gamma= 12.30 degrees (in inside of the ** material of a refractive index 1.4924) 
beta= 12.60 degrees (in inside of the ** material of a refractive index 1.4924) 
Gamma/beta = 0.97 

It comes out. Moreover, when setting the incident angle (eccentric angle) of the shaft top chief rays 10R, 10G, and 10B 
to the 1st page (flat surface by the side of the incidence of the diffusion plate 3) to theta from the exit pupils 8R, 8G, 
and 8B of each projection optics 1R, 1G, and IB and setting wavelength from projection optics 1R, 1G, and IB to 
656.3nm, 587.6nm, and 486.13nm, respectively, 
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It comes out. 
[0050] 

Moreover, the exposure conditions of the transparency mold hologram used as a diffusion plate 3 are as being shown in 
drawing 13 (a). The system of coordinates in the case of exposure make a zero the probe index of chief ray 10G on the 
shaft of the field of a transparency mold hologram, make a hologram side a X-Y side, and set the Z-axis as the direction 
which separates from exit pupil 8G of projection optics 1G. At this time, as shown in drawing 13 (b), vertical x width is 
set to 190mmx250mm for the dimension of a hologram. Moreover, the 1st light source location for exposure (XI, Yl, 
Zl) is as follows, and is made into the point light source. 
[0051] 

(Xl,Yl,Zl)=(0 5 -96.13,-439.65) 

Moreover, the 2nd light source center position (X2, Y2, Z2) is as follows, and as shown in drawing 13 (c), vertical x 

width makes it the diffusing-surface light source with the area which is 60mmx60mm. 

[0052] 

(X2,Y2,Z2)=(0,0,-450.00) 

After being reflected by Fresnel lieberkuhn 2' by using the transparency mold hologram produced on the above 
exposure conditions as a diffusion plate 3, the exit pupil range observable with sufficient color reproduction nature 
serve as [ vertical x width ] the expansion pupil 60 of the square which be 60mmx60mm by the observer pupil surface, 
and, as for the flux of light diffused with the diffusion plate 3, the circular pupil of phi 60 become possible into it. 
[0053] 

The optical-path Fig. in the Y-Z cross section of an example 4 is shown in drawing 14 and drawing 15 . Drawing 14 
and drawing 15 are the situation of the beam of light of a between here until they reach the image surface from each 
exit pupils 8R, 8G, and 8B of projection optics 1R, 1G, and IB, drawing 14 is the situation of the zero-order light 1 1R, 
1 1G, and 1 IB of each wavelength, and drawing 15 is the situation of the surface specular reflection light 12R, 12G, and 
12B. Moreover, photography arrangement of the transparency mold hologram used for the diffusion plate 3 of this 
example at drawing 16 is shown. The figure in drawing 16 is mm unit. 


[0054} ' 

An example 4 is an example in the case of the direction where it is satisfied in case it is the incidence whose conditions 
are the 2nd time whenever [ playback light incident angle ], and it does not diffract to the 1st time corresponding to 
drawing 3 (b), and the crookedness direction of a beam of light becomes large to the incident angle over the normal of 
the field of the diffusion plate 3. moreover - if Fresnel lieberkuhn 2' consists of Fresnel rear-face mirrors and sets the 
incident angle to gamma and Fresnel lieberkuhn 2' to beta for the amount of angle of deviation according the 
eccentricity of the Fresnel rear-face mirror to the transparency mold hologram 3 of MY and the shaft top chief ray 10 
MY=171.54mm 

gamma= 15.00 degrees (in inside of the ** material of a refractive index 1.4924) 
beta= 2.88 degrees (in inside of the ** material of a refractive index 1.4924) 
Gamma/beta = 5.21 

It comes out. Moreover, when setting the incident angle (eccentric angle) of the shaft top chief rays 10R, 10G, and 10B 
to the 1st page (flat surface by the side of the incidence of the diffusion plate 3) to theta from the exit pupils 8R, 8G, 
and 8B of each projection optics 1R, 1G, and IB and setting wavelength from projection optics 1R, 1G, and IB to 
656.3nm, 587.6nm, and 486.13nm, respectively, 
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It comes out. 
[0055] 

Moreover, the exposure conditions of the transparency mold hologram used as a diffusion plate 3 are as being shown in 
drawing 16 (a). The system of coordinates in the case of exposure make a zero the probe index of chief ray 10G on the 
shaft of the field of a transparency mold hologram, make a hologram side a X-Y side, and set the Z-axis as the direction 
which separates from exit pupil 8G of projection optics 1G. At this time, as shown in drawing 16 (b), vertical x width is 
set to 190mmx250mm for the dimension of a hologram. Moreover, the 1st light source location for exposure (XI, Yl, 
Zl) is as follows, and is made into the point light source. 
[0056] 

(X1,Y1,Z1)=(0,1 16.62,-434.63) 

Moreover, the 2nd light source center position (X2, Y2, Z2) is as follows, and as shown in drawing 16 (c), vertical x 

width makes it the diffusing-surface light source with the area which is 60mmx60mm. 

[0057] 

(X2,Y2,Z2)=(0 ? 0,-450.00) 

The transparency mold hologram produced on the above exposure conditions is used as a diffusion plate 3. Thereby, 
after being reflected by Fresnel lieberkuhn 2', according to the flux of light diffused with the diffusion plate 3, the exit 
pupil range observable with sufficient color reproduction nature by the observer pupil surface serves as the expansion 
pupil 60 of the square whose vertical x width is 60mmx60mm, and the circular pupil of phi 60 becomes possible into it. 

[0058] 

Below, the configuration parameter of the above-mentioned examples 1-4 is shown. As mentioned above, in these 
examples, on a shaft, it comes out of the core of exit pupil 8G of projection optics 1G, and the beam of light which 
reaches the exit pupil 4' core of equipment defines chief ray 10G as the core of the diffusion plate 3. And in follow light 
line tracking, the core of exit pupil 8G of projection optics 1G ** is made into a zero, a pupil surface is made into X-Y 
page, and the travelling direction of chief ray 10G is made into the Z-axis forward direction on the shaft perpendicular 
to a pupil. 
[0059] 

And about the eccentric side, the eccentricity (they are X, Y, and Z about X shaft orientations, Y shaft orientations, and 
Z shaft orientations, respectively) of the plane peak of the field and the angle of inclination (respectively alpha, beta, 
gamma (degree)) consisting mainly of the X-axis of the medial axis (about the aspheric surface, it is the Z-axis of the 
following (a) type) of the field, a Y-axis, and each Z-axis are given from the zero of optical system. In that case, in 
forward [ of alpha and beta ], forward [ of gamma ] means a clockwise rotation for a counterclockwise rotation to the 
forward direction of the Z-axis to the forward direction of each shaft. Rotation of the medial axis of a field of alpha, 


beta, and gamma carries out. In addition, a way alpha rotation of the medial axis and its XYZ rectangular coordinate 
system of a field is first done counterclockwise around the X-axis, beta rotation also of the system of coordinates which 
rotated once while doing beta rotation of the medial axis of the rotated field counterclockwise around the Y-axis of new 
system of coordinates is counterclockwise done around a Y-axis. Next, subsequently gamma rotation of the medial axis 
of the field rotated twice is clockwise done around the Z-axis of system of coordinates with new new system of 
coordinates. 
[0060] 

Moreover, the aspheric surface used by this invention is the symmetry-of-revolution aspheric surface given by the 

following definition formulas. 

[0061] 

Z=(Y2 /R)/[l+{ 1-0+K) Y2 / R2} 1 /2]+AY4 +BY6 +CY8 +DY10+ (a) [ ] 

However, Z is used as the optical axis (shaft top chief ray) which made the travelling direction of light forward, and Y 
is taken in the direction perpendicular to an optical axis. Here, R is [ a cone constant, A, B, C and D, and - of paraxial 
radius of curvature and K ] the 4th aspheric surface multipliers [ 6th / 8th / 10th ], respectively. The Z-axis of this 
definition type turns into a shaft of the symmetry-of-revolution aspheric surface. 
[0062] 

In addition, the term about the aspheric surface where data are not indicated is 0. About the refractive index, the thing 

to d line (wavelength of 587.56nm) is written. The unit of die length is mm. 

[0063] 

Below, the configuration parameter of the above-mentioned examples 1-4 is shown. In addition, in the Fresnel side and 
"RE", a reflector and "HOE" show a transparency mold hologram, and, as for "ASS" of the following front Naka, 
"PIM" shows [ the aspheric surface and "floor line" ] image plane of projection, respectively. 
[0064] 
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[0068] 

Next, the example which constitutes the projection optics equipment of this invention as solid observation equipment is 

explained. 

[0069] 

Drawing 17 is the outline block diagram showing one example of the solid observation system which can apply this 
invention equipped with the configuration shown in each above-mentioned example. In this example, the image which 
prepares one pair of such projection equipments 101L and 101R as 1 set of projection equipments, and has binocular 
parallax in the projection equipments 101L and 101R on either side in the group of the projection optics 1R, 1G, and 
IB of R, G, and B is displayed. The projection equipments 101L and 101R of these right and left are connected to the 
projection device control unit 102. The projection device control unit 102 carries out the selection input of the image 
picturized with the camera of the right and left prepared in solid (3D) picture input devices, such as a solid (3D) 
endoscope and a solid (3D) microscope, and it is constituted so that the selected image may be sent and displayed on 
the projection equipments 101L and 101R on either side. Moreover, the projection device control unit 102 also inputs 
the solid (3D) image which has the parallax created through the personal computer as an image in which other selection 
inputs are possible as an input image to the display panel 100 of this example, and it consists of these examples so that 
it can be made to display on the projection equipments 101L and 101R. And what consists of a diffusion plate 3 which 
consists of a transparency mold hologram arranged as a display panel 100 in the concave mirror 2 of eyepiece optical 


system which was explained above or Fresnel Fresnel-mirrors 2', and its front face is used. 
[0070] 

Below, the application of the solid observation system constituted in this way is explained. 
[0071] 

Drawing 18 is the explanatory view showing one example of the product adapting the above solid observation systems 
by this invention. The product of this example consists of reflective mold stereographic projection observation 
equipment which attached a display panel 100 and the projection equipments 1 OIL and 101 R on either side in the 
attachment component 103 in one, a support arm 104 which supports an attaching part 103, and a supporter body 105 
with an axle-pin rake which supports the support arm 104. Reflective mold stereographic projection observation 
equipment projects the image which has parallax mutually from the projection equipments 101L and 101R on either 
side on a display panel 100, and it is constituted so that it may reflect with a display panel 100, the pupil for 
observation may be made to expand to the eyes EL and ER of right and left of an observer, respectively and image 
formation of the image may be carried out. 
[0072] 

The attachment component 103 is connected in the direction of an arrow head rotatable through connection section 
104a with the support arm 104, the support arm 104 is connected with the supporter body 105 rotatable in the direction 
of an arrow head through connection section 104b, and an observer's observation posture can be changed now by 
rotating an attachment component 103 and the support arm 104 in the request direction. Moreover, control unit 103a is 
prepared in the attachment component 103, and it is easy to carry out rotation to the request direction. 
[0073] 

Moreover, axle-pin-rake 105a is attached and the supporter body 105 has become changeable [ an observation 

location ] by moving the supporter body 105. 

[0074] 

Drawing 19 is the explanatory view showing other examples of the product adapting the solid observation system by 
this invention. The product of this example attaches in head lining 106 the supporter body 105 which supports the 
support arm 104 which supports the reflective mold stereographic projection observation equipment attached in the 
same attachment component 103 as drawing 18 , and is constituted. If constituted like this example, the tooth space on 
which stereographic projection observation equipment is put is omissible. 
[0075] 

Drawing 20 is the explanatory view showing other examples of the product adapting the solid observation system by 
this invention. The product of this example attaches the support arm 104 in the chair 107 for an operation, and is 
constituted. A display panel 100 is attached in attachment component 103b, and the projection equipments 101L and 
101 R are attached in attachment component 103c. and attachment component 103b can change now the sense to 
installation ****** and the projection equipments 101L and 101R of a display panel 100 into attachment component 
103c in the predetermined direction rotatable. 360 degrees attachment component 103c which attached the projection 
equipments 101L and 101R is attached in the support arm 104 rotatable through connection section 104c, and can 
change now the sense of a display panel 100 and the projection equipments 10 1L and 101R in the predetermined 
direction. Furthermore, the handle 108 is formed in the right-and-left side of the table non-panel 100, and it is easy to 
carry out adjustment actuation of the sense, without direct touching a display panel 100. Moreover, axle-pin-rake 107a 
is prepared in the chair 107 for an operation, and it has become changeable [ an observation location ] by moving the 
chair 107 for an operation. 
[0076] 

Drawing 21 is the explanatory view showing other examples of the product adapting the solid observation system by 
this invention. The product of this example attaches two stereographic projection observation equipments with which 
the projection equipments 101L and 101R and a display panel 100 were attached in the attachment component 103 
through an attachment component 103, and is constituted by the image input section 109 of ****** for an operation 
equipped with the rotatable support arm 104 through the supporter body 105 with axle-pin-rake 105a, and connection 
section 104c. Two cameras are built in the image input section 109 of an operation microscope, and the input image is 
constituted so that it may be sent to the projection equipments 101L and 101R of each stereographic projection 
observation equipment, and the solid image in an operation microscope can observe it now to two or more observers at 
coincidence. 
[0077] 

And the solid observation system of the product of the example shown in drawing 1 8 - drawing 21 is applicable to the 
display of the solid (3D) image of operating relation, such as a display of amusement products, such as a game machine 
which used the display of an operation microscope, the display of an endoscope, the display of a medical-related solid 
information image, and the computer, and a CAD image of various stereos (3D), etc. 
[0078] 


Drawing 22 is the explanatory view showing one example of the solid observation system for an operation which used 
the projection optics equipment of this invention. The support arm 104 is attached in the supporter body 105 with axle- 
pin-rake 105a through the free arm 1 10 that it can move in the direction of a three dimension freely, and free [ 360 
degree rotation ], an attachment component 103 is similarly attached in the support arm 104 free [ migration ease and 
rotation ] through 104d of connection sections, and, as for the product of this example, the projection equipments 101L 
and 101R and a display panel 100 are attached in the attachment component 103. On the other hand, the image input 
section 109 of an operation microscope is attached at support arm 104 tip, two cameras are built in the image input 
section 109, the input image is constituted so that it may be sent to the projection equipments 101L and 101R of 
stereographic projection observation equipment, and he can undergo an operation, observing the solid image of 
Patient's P affected part with an operation microscope. 
[0079] 

Moreover, the display panel 100 of the reflective mold which consists of a diffusion plate 3 which consists of a 
transparency mold hologram arranged in the concave mirror 2 or Fresnel Fresnel-mirrors 2' which is the eyepiece 
optical system of the reflective mold by above this inventions, and its front face is available also as a projection display 
which displays not only the display of a solid image but a single image. The example of the cellular phone as such a 
projection display is shown in drawing 23 and drawing 24 . Drawing 23 and drawing 24 equip a cellular phone 138 
with the projection display of this invention which indicates the information, such as photography images, such as the 
operator itself and a message partner, and the telephone number, by projection. Therefore, projection equipment 101 
(let the group of the projection optics 1R, 1G, and IB of R, G, and B be projection equipment 101 like the case of 
drawing 17 - drawing 22 .) The display panel 100 of a reflective mold is formed and it enables it to observe the display 
image reasonable in the location of the exit pupil 4'. The microphone section 139 which inputs an operator's voice as 
information, the loudspeaker section 140 which outputs a message partner's voice, the antenna 141 which performs 
transmission and reception of a communication link electric wave, the manual operation button 142 into which an 
operator inputs information, and the above-mentioned projection display are prepared in this cellular phone 138. 
Drawing 23 has the device which opens and closes a display panel 100 to a cellular phone 138, and it becomes possible 
[ folding up and containing in a pocket etc. ] at the time of carrying. Moreover, it is fixed to the interior of the body of a 
cellular phone 138, and drawing 24 contains a display panel 100 in a pocket etc. as it is, without folding up. 
[0080] 

The projection optics equipment of the above this invention can be constituted as follows, for example. 
[0081] 

[1] The concave mirror which is equipped with at least three projection optics which carries out expansion projection of 
the image respectively displayed on the display device including the display device, and projects the exit pupil of said 
at least three projection optics on an observer side, It has been arranged near the image projected by said at least three 
projection optics, and has the diffusion plate which consists of a transparency mold hologram which expands the image 
of the exit pupil of said at least three projection optics projected with said concave mirror. Projection optics equipment 
characterized by being projected with said concave mirror, and for the image of the exit pupil of each projection optics 
expanded with the diffusion plate which consists of said transparency mold hologram lapping mutually in part at least, 
and projecting it on it. 
[0082] 

[2] The projection-optics equipment of one above-mentioned publication characterized by to be arranged so that the 
include angle which penetrates the diffusion plate with which the beam of light which results in the image of the exit 
pupil of said at least three projection optics to each of said expanded projection optics becomes the 1st time from said 
transparency mold hologram in the arrangement which penetrates twice the diffusion plate which consists of said 
transparency mold hologram may differ from the include angle which penetrate the diffusion plate which becomes the 
2nd time from said transparency mold hologram. 
[0083] 

[3] Projection optics equipment the above 1 characterized by said concave mirror consisting of Fresnel lieberkuhn, or 

given in two. 

[0084] 

[4] The diffusion angle of the diffusion plate which consists of said transparency mold hologram is projection optics 
equipment of three given in any 1 term from the above 1 characterized by being 20 degrees or less with full width at 
half maximum. 
[0085] 

[5] Projection optics equipment of four given in any 1 term from the above 1 characterized by the full diffusion angle 

from which optical reinforcement becomes 1/10 being 40 degrees or less. 

[0086] 

[6] Projection optics equipment of five given in any 1 term from the above 1 characterized by being arranged so that 


the shaft top chief ray from said at least three projection optics may carry out incidence to said concave mirror aslant. 
[0087] 

[7] Projection optics equipment of six given in any 1 term from the above 1 characterized by being constituted so that 
the zero-order light which is not diffracted at the time of the 1st transparency [ 2nd ] of the diffusion plate which 
consists of said transparency mold hologram may not carry out incidence to the image of the exit pupil of each of said 
expanded projection optics. 
[0088] 

[8] Projection optics equipment of seven given in any 1 term from the above 1 whose diffusion plate which consists of 

said transparency mold hologram is characterized by having the crookedness operation by diffraction. 

[0089] 

[9] When setting to gamma the angle of bend of the shaft top chief ray of d line with the diffusion plate which consists 
of said transparency mold hologram, 
10 degrees < gamma< 20 degrees ... (3) 

Projection optics equipment of eight given in any 1 term from the above 1 characterized by satisfying the becoming 

conditions. 

[0090] 

[10] If the incident angle of the shaft top chief ray of d line to said concave mirror is set to beta, 
5 degrees < beta< 20 degrees ... (4-1) 

Projection optics equipment of nine given in any 1 term from the above 1 characterized by filling ******. 
[0091] 

[1 1] If the incident angle of the shaft top chief ray of gamma and d line to said concave mirror is set to beta for the 
angle of bend of the shaft top chief ray of d line with the diffusion plate which consists of said transparency mold 
hologram, 

0.5< gamn^eta <2 ... (5) 

Projection optics equipment of ten given in any 1 term from the above 1 characterized by filling ******. 
[0092] 

[12] Projection optics equipment of 1 1 given in any 1 term from the above 1 characterized by being superimposed and 
projected near [ where a color-separation image consists of said transparency mold hologram according to said at least 
three projection optics ] the diffusion plate. 
[0093] 

[Effect of the Invention] 

Though it is small, projection optics equipment with it can be offered with an easy configuration using the diffusion 
hologram expanded to the field which according to this invention the exit pupil of projection optics was projected 
[ field ] on the observation location, and had the image of the projected exit pupil restricted, so that clearly from the 
above explanation. [ good lighting effectiveness and ] [ bright ] 
[Brief Description of the Drawings] 

[Drawing 1] They are a typical optical-path Fig. (a) by one projection optics of the projection optics equipment 
constituted based on this invention, and drawing (b) showing the example of arrangement of the projection optics 
equipment constituted based on this invention. 

[Drawing 2] It is the optical-path Fig. of the combination of the diffusion plate which consists of a transparency mold 
hologram crooked by the 1st passage, and the concave mirror of eyepiece optical system, and (a) is the case where it is 
the direction where, as for (c), an angle of diffraction becomes large to an incident angle, when it is the direction where 
an angle of diffraction becomes small to an incident angle [ as opposed to / when a diffusion plate does not have a 
crookedness operation of an optical path only by the diffusion / (b) / a normal in the crookedness direction of a 
diffusion plate ]. 

[Drawing 3] It is the optical-path Fig. of the combination of the diffusion plate which consists of a transparency mold 
hologram crooked by the 2nd passage, and the concave mirror of eyepiece optical system, and when it is the direction 
where an angle of diffraction becomes small to an incident angle [ as opposed to / (a) / a normal in the crookedness 
direction of a diffusion plate ], (b) is the case where it is the direction where an angle of diffraction becomes large to an 
incident angle. 

[Drawing 4] It is the optical-path Fig. of the combination of the diffusion plate and concave mirror which consist of a 
transparency mold hologram crooked by the 1st passage when the concave mirror of eyepiece optical system is 
carrying out eccentricity, and (a) - (c) is drawing corresponding to drawing 2 (a) - (c), respectively. 
[Drawing 5] It is an optical-path Fig. in the Y-Z cross section of the example 1 of this invention, and is drawing 
showing the optical path of the zero-order light of each wavelength in coincidence. 

[Drawing 6] It is an optical-path Fig. in the Y-Z cross section of the example 1 of this invention, and is drawing 
showing the optical path of the surface specular reflection light of each wavelength in coincidence. 


[Drawing 7] **, drawing in which (a) shows the physical relationship of a transparency mold hologram, the point light 

source, and the diffusing-surface light source, drawing in which (b) shows the dimension of a hologram, and (c) are 

drawings showing the dimension of the diffusing-surface light source in drawing showing photography arrangement of 

the transparency mold hologram used for the diffusion plate of the example 1 of this invention. 

[Drawing 8] It is the same drawing as drawing 5 of the example 2 of this invention. 

[Drawing 9] It is the same drawing as drawing 6 of the example 2 of this invention. 

[Drawing 10] It is the same drawing as drawing 7 of the example 2 of this invention. 

[Drawing 1 1] It is the same drawing as drawing 5 of the example 3 of this invention. 

[Drawing 12] It is the same drawing as drawing 6 of the example 3 of this invention. 

[Drawing 13] It is the same drawing as drawing 7 of the example 3 of this invention. 

[Drawing 14] It is the same drawing as drawing 5 of the example 4 of this invention. 

[Drawing 15] It is the same drawing as drawing 6 of the example 4 of this invention. 

[Drawing 16] It is the same drawing as drawing 7 of the example 4 of this invention. 

[Drawing 17] It is the explanatory view showing one example of the product adapting the solid observation system by 
this invention. 

[Drawing 18] It is the explanatory view showing other examples of the product adapting the solid observation system 
by this invention. 

[Drawing 19] It is the explanatory view showing other examples of the product adapting the solid observation system 
by this invention. 

[Drawing 20] It is the explanatory view showing other examples of the product adapting the solid observation system 
by this invention. 

[Drawing 21] It is the explanatory view showing other examples of the product adapting the solid observation system 
by this invention. 

[Drawing 22] It is the explanatory view showing one example of the solid observation system for an operation using 
the projection optics equipment of this invention. 

[Drawing 23] It is a perspective view at the time of applying the projection optics equipment of this invention to a 
cellular phone. 

[Drawing 24] It is a perspective view at the time of [ another ] applying the projection optics equipment of this 
invention to a cellular phone. 
[Description of Notations] 
M — Observer 

E, EL, ER — Observer eyeball 
P « Patient 

1 — Projection optics 

Projection optics which displays the color-separation image of 1 R--R 
Projection optics which displays the color-separation image of 1 G— G 
Projection optics which displays the color-separation image of 1 B--B 

2 — Concave mirror (eyepiece optical system) 
2' — Fresnel lieberkuhn 

3 — Diffusion plate which consists of a transparency mold hologram 

4 ~ Exit pupil image 

4' - Expanded exit pupil image 

6 - Shaft top chief ray from projection optics 

70 - Zero-order Light 

71 - Chief Ray 

7R 7G 7B - Chief ray of the wavelength of R, G, and B (main beam of light) (diffracted light) 

The exit pupil of the projection optics which displays the color-separation image of 8 R— R 

The exit pupil of the projection optics which displays the color-separation image of 8 G-G 

The exit pupil of the projection optics which displays the color-separation image of 8 B--B 

Zero-order light of 1 1 R--R 

Surface specular reflection light of 1 1 G-G 

Surface specular reflection light of 1 1 B--B 

Surface specular reflection light of 12 R— R 

Surface specular reflection light of 12 G-G 

Surface specular reflection light of 12 B-B 

100 — Display panel 

101L, 101R - Projection equipment 


102 - 

Projection device control unit 

103 - 

Attachment component 

103a- 

- Control unit 

103b 

-- Attachment component 

103c- 

- Attachment component 

104- 

Support arm 

104a- 

- Connection section 

104b- 

-- Connection section 

104c- 

- Connection section 

104d- 

-- Connection section 

105 -- 

Supporter body with an axle-pin rake 

105a- 

- Axle-pin rake 

106 -- 

Head lining 

107 - 

Chair 

107a- 

~ Axle-pin rake 

108 - 

Handle 

109 -- 

Image input section 

110 - 

Free arm 

138 - 

Cellular phone 

139 - 

Microphone section 

140 - 

Loudspeaker section 

141 - 

Antenna 

142- 

Manual operation button 
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* NOTICES * 


JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] They are a typical optical-path Fig. (a) by one projection optics of the projection optics equipment 
constituted based on this invention, and drawing (b) showing the example of arrangement of the projection optics 
equipment constituted based on this invention. 

[Drawing 2] It is the optical-path Fig. of the combination of the diffusion plate which consists of a transparency mold 
hologram crooked by the 1st passage, and the concave mirror of eyepiece optical system, and (a) is the case where it is 
the direction where, as for (c), an angle of diffraction becomes large to an incident angle, when it is the direction where 
an angle of diffraction becomes small to an incident angle [ as opposed to / when a diffusion plate does not have a 
crookedness operation of an optical path only by the diffusion / (b) / a normal in the crookedness direction of a 
diffusion plate ]. 

[Drawing 3] It is the optical-path Fig. of the combination of the diffusion plate which consists of a transparency mold 
hologram crooked by the 2nd passage, and the concave mirror of eyepiece optical system, and when it is the direction 
where an angle of diffraction becomes small to an incident angle [ as opposed to / (a) / a normal in the crookedness 
direction of a diffusion plate ], (b) is the case where it is the direction where an angle of diffraction becomes large to an 
incident angle. 

[Drawing 4] It is the optical-path Fig. of the combination of the diffusion plate and concave mirror which consist of a 
transparency mold hologram crooked by the 1 st passage when the concave mirror of eyepiece optical system is 
carrying out eccentricity, and (a) - (c) is drawing corresponding to drawing 2 (a) - (c), respectively. 
[Drawing 5] It is an optical-path Fig. in the Y-Z cross section of the example 1 of this invention, and is drawing 
showing the optical path of the zero-order light of each wavelength in coincidence. 

[Drawing 6] It is an optical-path Fig. in the Y-Z cross section of the example 1 of this invention, and is drawing 

showing the optical path of the surface specular reflection light of each wavelength in coincidence. 

[Drawing 7] **, drawing in which (a) shows the physical relationship of a transparency mold hologram, the point light 

source, and the diffusing-surface light source, drawing in which (b) shows the dimension of a hologram, and (c) are 

drawings showing the dimension of the diffusing-surface light source in drawing showing photography arrangement of 

the transparency mold hologram used for the diffusion plate of the example 1 of this invention. 

[Drawing 8] It is the same drawing as drawing 5 of the example 2 of this invention. 

[Drawing 9] It is the same drawing as drawing 6 of the example 2 of this invention. 

[Drawing 10] It is the same drawing as drawing 7 of the example 2 of this invention. 

[Drawing 11] It is the same drawing as drawing 5 of the example 3 of this invention. 

[Drawing 12] It is the same drawing as drawing 6 of the example 3 of this invention. 

[Drawing 13] It is the same drawing as drawing 7 of the example 3 of this invention. 

[Drawing 14] It is the same drawing as drawing 5 of the example 4 of this invention. 

[Drawing 15] It is the same drawing as drawing 6 of the example 4 of this invention. 

[Drawing 16] It is the same drawing as drawing 7 of the example 4 of this invention. 

[Drawing 17] It is the explanatory view showing one example of the product adapting the solid observation system by 
this invention. 

[Drawing 18] It is the explanatory view showing other examples of the product adapting the solid observation system 
by this invention. 

[Drawing 19] It is the explanatory view showing other examples of the product adapting the solid observation system 
by this invention. 

[Drawing 20] It is the explanatory view showing other examples of the product adapting the solid observation system 
by this invention. 

[Drawing 21] It is the explanatory view showing other examples of the product adapting the solid observation system 
by this invention. 


[Drawing 22] It is the explanatory view showing one example of the solid observation system for an operation using 
the projection optics equipment of this invention. 

[Drawing 23] It is a perspective view at the time of applying the projection optics equipment of this invention to a 
cellular phone. 

[Drawing 24] It is a perspective view at the time of [ another ] applying the projection optics equipment of this 
invention to a cellular phone. 
[Description of Notations] 
M -- Observer 

E, EL, ER - Observer eyeball 
P Patient 

1 « Projection optics 

Projection optics which displays the color-separation image of 1 R--R 
Projection optics which displays the color-separation image of 1 G--G 
Projection optics which displays the color-separation image of 1 B— B 

2 - Concave mirror (eyepiece optical system) 
2' — Fresnel lieberkuhn 

3 - Diffusion plate which consists of a transparency mold hologram 

4 - Exit pupil image 

4 f - Expanded exit pupil image 

6 - Shaft top chief ray from projection optics 

70 — Zero-order Light 

71 - Chief Ray 

7R 7G 7B - Chief ray of the wavelength of R, G, and B (main beam of light) (diffracted light) 

The exit pupil of the projection optics which displays the color-separation image of 8 R-R 

The exit pupil of the projection optics which displays the color-separation image of 8 G--G 

The exit pupil of the projection optics which displays the color-separation image of 8 B--B 

Zero-order light of 1 1 R-R 

Surface specular reflection light of 1 1 G— G 

Surface specular reflection light of 1 1 B--B 

Surface specular reflection light of 12 R— R 

Surface specular reflection light of 12 G— G 

Surface specular reflection light of 12 B--B 

100 -- Display panel 

101 L, 101R -- Projection equipment 

102 - Projection device control unit 

103 — Attachment component 
103a ~ Control unit 

103b - Attachment component 

103 c ~ Attachment component 

104 - Support arm 

104a — Connection section 
104b - Connection section 
104c - Connection section 
104d — Connection section 

105 — Supporter body with an axle-pin rake 
105a - Axle-pin rake 

106 - Head lining 
107 -Chair 

107a - Axle-pin rake 

108 - Handle 

109 — Image input section 

110 -- Free arm 

138 - Cellular phone 

139 - Microphone section 

140 ~ Loudspeaker section 

141 — Antenna 

142 — Manual operation button 
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(B n 4 ' ©4'^A^ ; 5-©©S©27^©lW-hfSnfcfiglJ:, 0* it 7 0 *'A»t§t5 

[0017] 

**5> 2iiS!*P At'CIIft (dft) *±IBA»ft i: BSift ©HOlfeWfi y T'S« 

*>0, >©Sttft ^ d $ 5 8 7 . 6 n m) TilPJ 5 i: ffl ft ft y tf* £ 50 
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JhEO J: 5 (cggflKp fc 0 Atf LT L S 5 . & » A^-TiTSfc, il 

»ft*«llt5ft«)li:EBt5fi»)E^«l R. 1G, l BB0OfflB* , **< 40 t^S 
o ^©JSM. SStt«3±T»© R» G, B©»B«H©£* (7*'JS») ft »> 

[0018] 

LU'oT, Kft« 3 © d JUT- ©J3 ft ft (filft) y (dl) f±, 

y > 1 ° • • • ( 1 ) 

© H ft * ffi fc t © ifi & » o 
[0019] 

y>2° •••(1-1) 

[ 0 0 2 0 ] 

2 6 C » $ L < tt , 

y>10° • • • ( 1 - 2 ) 

ft 5 C fctffl* 

[ 0 0 2 1 ] 
Sfc, 

y < 4 5 ° • • • ( 2 ) 

OSltlfttOA^^o 20 
[ 0 0 2 2 ] 

y < 2 0 ° •••(2-1) 
ftS*ft*SS£-T 5 C fctfff £ L^. 
[ 0 0 2 3 ] 

±§2©&ft (1-2) t (2-1) SP^btU, *©*ff (3) tft^o 
[ 0 0 2 4 ] 

10' <y<20* •••(3) 

(3) i:o^TS6ClllBt*. £©&#©Tffi©l 0° £ T S 5 t , O^fti: 
a*«*«SnTfllC , r*iE«*SJl64:©»lt«»^ft < ft«o ^©fc46. !Sf*^J;t3t 30 
Si £ IS £ , 0#ft#«fcA^T8:.Sl,<ftS<:fc*<gKft5o S fc , c © & # © ± I® 
©20° ^SitSt^ M«3±T-©R, G, B ©fi««IH©M#!i#** < ft 9 TS?T 

[ 0 0 2 5 ] 

tL5T> 02, H3fcH3l^Ttt, a^Jt^e^ 1 3&»6©«±=fe)tt«6**^tt0*J!C7o 
tt, H ffi M 2 £ ft 46 (HM2 ©A»ffiBT?©&*KJt LTftfi 0 ftft-T. ) KA^T 
SCittilT^ft. il l T*> «l±±3t«6*«^ttO*3fc7o * H ffi M 2 fc £ B ft ( 

/3^o° ) tcA*rt5t> ***3*2*aabfc*t*a^5^*»6i*w-r*±jt«7 

R , 7 C , 7„ tt*±^*«6 k«R»^rinllC|fil*»5. * © fc 46 , 8lOWHli4 
• ©&afcMft¥S l tf=FWir 5 c i: £45. fct\ C3iB» 2 KAWTSSK*^* 40 
1»60IJ:±KI6, Xtt*OOX)87o ©Hffi$ 2 'v© Aftf ft H ( dtt) tt , 
0 ° < 0 < 4 5 ° •••(4) 

[ 0 0 2 6 ] 

$ 6 fc ft £ L < , 

5 ° < 0 < 2 0 ° •••(4-1) 

as^ff^j^e-rsiitA^^H/^ 

[ 0 0 2 7 ] 

C ©&{$ (4-1) CO^T«5K»l|tS. C©&ft©TIS©5 0 *T.@* , B3iB* 
ZOi4>iiJ«*i<4*. *©fc46, lt,i«3T«fiBS«ifii:9', *jS«««fc?JfliRr 50 


(6) 
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£ <45t^5o Zoyfcib. «R * n* HiRiSff* * < ft »K ^-4W5?Oi^ilt 
[ 0 0 2 8 ] 

ttflfttttt ^fe £ t fto ^Ol^> 02, 0 3 & TO £ ft <fc 9 (C, ttflfcffi 3 & 2 fiiB 
SI L fc JS ^ ft ( El #t ft ) 7 R , 7 c - 7 „ * * ^ &ifc«3©tE<Di£$(;:*jLTftj££ 

&-r;:£fcft£o iot, g@<D*ftana4' ti, ffifa«3©iEiitc:(ifaHLft<ft5o c 

©«ffi/-£i:> I^f ^It tiiflfi 4 ' «fi!l{cRS^{iiE^^t.ti-S i: , fct§4 46?v (Si fr 5 10 

fCT*, 04 (a) ~ (c) "T <fc 3 K , t£f&« 3 !C*f LT. El ffi ^ 2 £ fif A * •£ T ^ 

5 ({5f4a©0 ! £>±73'\{iA^-^Tl/^5„ ) o cOi^lClt, ffiiSS 3 £ 2 ffl @ fcili® L 
fc^fc, 2 T'SSfS ftfciftlg 7 R , 7 C . 7 B ffttlR* 3 fc*f LTMft 

^4tJ:?lilLT^5o ftfc, 04 (a) ~ (c) tt , ; etl ; fft0 2 (a) ~ (c) fc M 
£ l T ^ & o 
[ 0 0 2 9 3 

tc5T-> 0 2 ~0 4 A^p) m Z frft <£ 5 E, f-<OS^^ff UM^SS^tt^ 

3 i: Hffi^ 2 *gfc R , G, B ©&fi<D£ftli§l 7 R , 7 G , 7„ ** » &M3<Di£ 

JlSa*o y^At J; 3&fi#f&<Dfci6, Sft?ftgf«tfi3 i: EOffigS 2 fr P>&f t±Jf 5<> 20 

LiEmofe»S14A^6»nft^A^ E# ft ftSStt "ff A 5 - & T? * 5 M tH> 

IRHtfX < ft o T L £ 3 o ftT\ Sute bfc «t ? fc> R. G. B <D&&£blCftffic£tl 
tc»*m*TZ. 3 OOfi^ftM ! R , ig, lB^Ml^. f LT> C3ffi^2'\©S 
^JtCAHfltfSSO, Ln6S^I?llR> 1G. 1 B Z±TJ5falc&micm 

ttfttit 3 ±T'0^g^#A^ 145i5CEfit5. CO«k5ft*lSe 
t5Ltt- > ffii^«3(c«};Sil©i^ftiUfi»a^«iffiL, i:n6S^^^^l R> 1G 
„ i B^i:J:0fiSA^nfcS^tHffl#4 , ofiltffflSi:I*SJ:5(i:t5i:ii()'T-tSo 
[ 0 0 3 0 ] 

UttWK, 02 (b) » 03 (a) , 04 (b) ±A> ftT^JefC, ROfi»l 30 

zm%yt¥?k 1 r , Go6»«««a^t%a^«^ii c> B©fe#8?&£ 

a^tSS^ftf^l B£, ±TfcM?iJ ITSit 5. LtllCiD, G©&S<D±ft3§7 
c ©ffigfc, ffi(DR> B ©ifcft ©±ft*§l 7 R . 7„ C i: 3^ T ** . * 

© IS * » ±TOKfiT'-&Lfc, fc^&KZ tltctotiimm 4 ' ^iSCt^ttS. Sfc 
, 02 (c) , 03 (b) , 04 (c) <Om&l±. ±.%Ztt,tMlC, ±.fr ZT^miC. B© 

&ftMmz®m? i b . Gcft^iss^sitsa^^fSiG, r©&» 

WSi^S^-rsiS^Tt^^ l R^±Tf;:M?iJLTEg-rs 0 ctilc&Qs GOS5©±f 

Sg7 c OfiilC, t©R, BOigO±^i7 R , 7 B « — St * ■& S C T # * 
[ 0 0 3 1 ] 40 

ftfc, s^Tt^^i. iRs lc i b frz&mm 3 ±ic®tbjs fafr hR&m* km 

%<DT'. fi£i(«3±T*(OS^#fe75i-U^!tftoT#S*A^^-rSo ZVTctb, S^ft 
[ 0 0 3 2 ] 

£tc, SSOWtbf®^' 3 ©TEffiKftfif 5<t 9 K I, fro, SIK^fSK 1 

r, ig> i b fr<b<D®±£ytm6 &z^no%yt7 o ammm 2 icmbK. A»t 5 <t 

saSfeienSo C <DIEffiiESW^«> S^^^l^ 1 > 1 R> 1G, 1BA^SIM3 
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[ 0 0 3 3 ] 

±tR<o smn imfa) y t mmm z ^<Dxmn 0 ojt y / 0 a, 

0. 5<y/0<2 • • • ( 5 ) 

[ 0 0 3 4 ] 

£©&ft (5) to^TUitSo C «D*ft ©TBS© 0 . 5*T@Sfc, ffif&ffi3©©lft 
ft#/h2<ft«o ZntcV). t£f&« 3 T?Ial*f L&<^ 0 #fttf&E<03>rmi! 4 ' fcAftLT 
L $ W ffiStCX^y h7U7-*^5LtCS5„ 3: fc, 1102^1x5^ D3 ffl 
K 2 ©ffl&ffi#Jt«tt'.hS < i£M3 KAJW Lfc&, KIHi« 2 TK W L 

Tfr6, Stt« 3 ©«ffiTttffl#T*tt**#7 9 E#Sft» ffffll!3S^2 10 

x-g!)tt5)ti^#tt5o ht, *<DftmtfM tarn 4 • [;AWLTL^^ C co^«H 

[ 0 0 3 5 ] 

£ e> tc » £ u < it , 

1 < y / 0 < 1 . 5 • • • ( 5 - 1 ) 

45*tt*«fitSC:i:Si, X*7 h7b7-©j5T*£9#£L^o 
[ 0 0 3 6 ] 

[ 0 0 3 7 ] 20 

& , KJffigi 2 1 R , 1G, 1 B © » Hi « * ffi f 5 f¥ ffl * £ D , tt ft« 

30Ji*^fetT^^^^iit5» Hffigi 2 tt 7 b * ;HH1 ffi K fcf g| 2 ' A'&WjS 

?nT^5„ ^^SSCTfcfcv^T. &f2©#JfiE^ 3 ftMKMi, 

KgEST 1 G©«ttiB8 G£$l#ffi£: L> 8M©atm« ( *f ttl IB 4 © ffi A £ 

nfc**m««) 4 - *mmtL. *o»sje?* i coumis Go^-fcfreaBoitffl 

14' $T©|IM^^JiSl:(Sfi5 8 7. 6 nm) Tff^T^S. 
[ 0 0 3 8 ] 

HfiSffl l © Y - Z Brffirt©ftK@£0 5 , H6tc^-To 05&tfK6fi, S^ft 

3* £ 1 R , 1 G, lB©^lhfmB8R, 8G> 8B^6^ffi(CSIStT'K©^SS©«?T' 30 

^t, K5ii^fii0os*i i r, i i c> i i bcs??^o > m 6 ammJER^ 

)IE1 2R, 1 2G, 12B©«?T*feSo £ ^ 0 7 (C , <:©§6ffg09©i£ffiJ«3fc/B^S 
MjaSJ*P^^A©S^gaB^^-r„07*©Sf^«nim#{uT'fe« o 
[ 0 0 3 9 ] 

HIIH^ 12 (c) icttfe-? 3 t> ©T-, S4*Alfft J£E*## l a S ©Aft ©^KrJS 
£ L x 2 m a fc ttBJf^f, fro, ft«©JBifii;£ft#J£ft« 3 ©ffi©i**llfcftf 5A»ft 
C» LTIallfrftA'Af < & 5 # ft © *§£•© 01 T* & 3 o $ fc > 7 U * ;HH| ffi g ft & 2 ' «7 
U^;I/SffiH-e«SBg$tlT*5 0 » *-©7 b*;l/»ffigS©fil4>ffi£M Y , 0G 
Offil8[ffi3i:i5Iftl^y, 7 U*frWffiE.mm 2 ' ^ © A ft ft £ 0 t f 5 i: , 
MY=1 5 7.2 3 mm 40 
y = 15. 0 0° (HJf* 1 . 4 9 2 4 ©J8»ifT) 
j3 = 1 2 . 57° (JBSf* 1 . 4 9 2 4 ©S8«ff TO 
y / J8 = 1 . 1 9 

T'$5 0 Ifc, ^8g*?IlR, 1G, 1 B ©ftttie 8 R , 8G> 8B»6$li (t 
&«3©Aftffl!l©¥ffi)'\©$lll±£ft8ll0R, 1 0 G , 10BOAIf« (I6ft)«8 
tL, Slit^IlR- 1 G , 1 Bfr5 0iSig^fnfn 6 5 6. 3 n m, 587. 6n 
m , 486. 1 3 nmtt5it> 


(8) 
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6 5 6. 3nm 


9 

23. 40° 
25. 0 0° 


5 8 7. 6nm 


48 6. 1 3nm 2 7. 54° 

[ 0 0 4 0 ] 

£fc, &m&3 t L T /JH-> 3 i§ ii §> * d 9? i><D^ft&ft«, 07 (a) 4* K w f 2fi 0 T* 

«3fc©B©ME«JRtt, iiilS!*ny5AOIBO«i±±Jt* 1 0 G OAM^$ lit 10 
Lt, *D!/7Aiii?X-Yl!:L Sgft^£lG<D&aj(88G*>68tn573lP]£Zittl 
tt5o edit, *n^^A<D\fffi^, 07 (b) tC^-fi^fC, ISx|? 1 9 0mm 
X 2 5 0 mml:t«. Sift, 8*Oft*©» 1 (XI, Y 1 . Z 1 ) ttWTOI 

[ 0 0 4 1 ] 

(XI, Y 1 , Z 1 ) = ( 0, 297. 1 1,-578. 12) 

?g 2 ft ii§> <*• 4> {£ @ (X2, Y2, Z2) « & T © ffi 9 T' & £ „ ? Lt> 07 (c) 

fC ^ f <fc 3 tC , 8t x ft # 8 6. 6 7 m m x 8 6 . 6 7mm©ffi*i£f$Oi£f&ffiftii£:-r£ 


(X2, Y2, Z 2 ) = ( 0 . 435. 32, - 482. 72) 


nsfifisj 2 o y - z k ffirt <oft&mzm 8 , 09tc^-r o cut. 08&tf09&, s^ft 

fllR, 1G, lB<D&#tH«8R, 8G. 8Bfr£&ffiKS5$T*[fflcQftii§!C>$?T- 
Sot, 88liSS|D)0**l 1 R« 1 1 G , 1 1 BOSf T'feO, 09(itEiESI} 

ft 1 2 r , 1 2G, i 2 B<Dm?T*&&o stc m I 0 K<KDmmm<D&®l1&3 icm^z 30 


ill2li, 02 (b) C*fjSf 3 *> <dt*, B^ftA&ftfi&ft # 1 HI S ©A*f©^tcr^ 
JEL, 2 (Hi a {;: fct H«t fro, ft 38 © B ft # ft fr ffi Wite 3 <D ffi © & ffi. ic *f t 5 A M ft 

tctt ltih]#t£i < %%>Jifa(Dm&(Dmr*tb2>o 7 u^.;HHiffis*tM 2 • «7 

l/*/l/gffi^T*M2*lT:fc>K f ©7 l/^A-IIi©liI5M Y, tt ± ± ft * 1 OG 
Ollf *ay7L3K<J;5lftl5y, 7 !✓ * /HH BB E If » 2 ' MOAKft 5 p 

M Y = 4 3 . 23mm 

y = 15. 00° (JSM 1 . 4 9 2-4 ©ffl*f tfT) 40 
0 = 3. 36° (IB«f* 1 . 4 9 2 4 ©l«>fT?) 
y / 0 = 4 . 4 6 

T*&£o $ fc, «Si)tf^l R, 1G, !BCDftftlie8R, 8G, 8BA>&SlI (ffi 
fiSc«3©AlfiI<0¥ffi)'\©ffl±±ft^lOR, 1 0G, 1 OBOXWft (lift) 48 
£ L, &Bft3*& 1 R , 1G, 1 Bfr^CSI^^tlfnese. 3 n m, 5 8 7. 6 n 
m, 486. 1 3 nm!:t5i:t, 


[ 0 0 4 2 ] 


20 


[ 0 0 4 3 ] 


[ 0 0 4 4 ] 
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6 5 6.3 nm 
5 8 7. 6 nm 


9 

26. 8 2° 
25. 0 0° 


48 6. 1 3nm 22. 3 7° 

[ 0 0 4 5 ] 

tfc, tt««3fcLTffl^*SaS!*n?7A©»)fc*tttt» 010 (a) "tHC^-Tiffi *) 

K LT, *n^7ABn£X-YSIi:L, &^ft^£lG<D«ttie8GfrP>8£n37j|B)£Z 
|tt5„ cott, *P^7AOta^, 010 (b) {c^f<k5lCs 1 90 

nimx 2 5 0 mmttS. Sft, *«flftl!i©JB 1 ftittB (XI, Y 1 , Z 1) ttKT 
©il 0 T*fe 0 > j&fti&i: f 5 0 

[ 0 0 4 6 ] 

(XI, Yl, ZD = (0, 297. 11, -578. 12) 

£ , m 2 ft Hg "f ft f£ § (X2, Y2, Z2) iiKTClOT'SO, 010 (c) {C^f 
i3C> «x«tf8 6. 6 7 mmX 8 6. 6 7 mmOlt^SfOSiffi3tili:t 5» 
[ 0 0 4 7 ] 

(X2, Y2, Z 2 ) = ( 0 . 136. 36, - 635. 53) 

ix±ogft^ffr*f^sjLfc^jgs*n^7^*fi£tS(S3 t l x mm? % c t ^ £ o . mm 

ttt 3 fc«fc 0 ttft£ ftfc&$ft<Dft3if±, 7 U**HiBR#« 2 ' TS»«tlfc«, 8I&# 
BffiT*feHStta<«^T*^S*flBBISffl^KEx«t^6 Ommx 6 Omm<DIE*»©ii:^: 
14' i: & 9 , Z<»$HC 0 6 0 <DHBmtfvimic%;Z>o 


fHfififfl 3 <OY - Z«rffirt©ft&0*0 1 1, II 2Eit. Ccf, 01 iRVm 1 2lt 

, K^ll^l R, 1G« lB<D&£fm«8R, 8 G . 8 B 6 ffi K H 3 $ T* flS © ft *8 

<D « ? T* & o T . 01 1 fi & ig g © 0 # ft 1 1R, 1 1G, 1 1 01 2 

&SlffiIE£&fftl2R, 12G, 1 2 BOa?Tfe5. g 1 3 C iKO^ffiMOlEi 


Hlfi&0lj3fi> 03 (a) CttlSf 5 tOT, H 4 ft A M M & # 2 HI g <D A*f <D fSi lc ffi 

lBlCttHJrtf, ftgt©JStt#iRj#M« 3 © ffl © 8; *S ft £ 

t^UTHSfft^/J>5<*5^[Rl<0^I^O^JT'fe5 o 7 1/*;HHHS«i2' (i7 

U*/Hffi^T-«fiK?tlT^0^ f 07l/*;HIiCl^i*MY, tt ± ± ft 1 0G 
oaaffl* o ^7 A 3 fc * y » 7 U*;HHIISIti2 ' 'v© Alhtft £ £ t 5 

£. 

M Y = 4 9 . 77mm 

y = 1 2 . 30" ( H *f * 1 . 4 9 2 40JH*t«t>"P) 
jJ=12.60'(JiSf*1.4924©JH«*"e) 
y / 0 = 0 . 9 7 

f Sft, ^JS^^f ^ 1 R> 1G« 1 B © 3-f W tt 8 R , 8G, 8Bi^|lI (« 

ffij«E3©AWilO¥ffi) ^\Oftft±±fti®l OR, 1 0G> 1 0 B © Alif ft (ilftft ) % d 
H, R> 1G, I Bfrt><Dfo&* : £tl : €tl6 5 6 . 3 n m, 587. 6n 

m. 486. 1 3 nmi:t5tt, 


20 


30 


[ 0 0 4 9 ] 
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ft* 

6 5 6. 3nm 
5 8 7. 6nm 


e 

2 6. 6 6° 
2 5. 0 0° 


48 6. 1 3nm 2 2. 6 9° 

[ 0 0 5 0 ] 

* fc» ffiSS(S3i:Ltli^5giilt>Dy7A©g)t^fta, Si 3 (a) * fc ii* T jffi 9 

{CUT, *o?7Affi£X-YBni:L, &^ft^£lG©&U}«8Gfre>|iSin5#l»]£Z 
tt 1 1 5 o lO^, *u^7A<DrfS5r, 01 3 (b) * f <fc 5 K , IK x ft « l 9 0 
mmx 2 5 0 mmi:t*. Sft, iJtOftftOJB 1 ftidfil (XI, Y 1 . Z 1 ) ttttT 
Oil 9 T£ 9 » jSttKi:**, 
( 0 0 5 1 ] 

(XI, Y 1 . ZD = ( 0, - 96. 13, - 439. 65) 

$ ft. $2 %Bif>jE»ffiB (X 2 , Y 2 , Z 2 ) (iJ-XT©ai Dt'$t), 0 13 ( c ) K.mt 
<fc 5 K , ME x « 6 Ommx 6 Omin©Ii«*i9oitttffi3fcSi: , rs. 
[ 0 0 5 2 ] 

(X 2 , Y2, Z 2 ) = ( 0 , 0, - 450. 00) 

tt±08**ftT?ff»Uftaai*o?7A*«;l:S3tLTfiflit«i:i:CJ:0. 7U 
*;l/|H]ffi£*tg| 2 • TSWSnfcft, «K*3l«:,fc»>K«;£nfcJt3ltt, «fg#«ffiTfe 
If 91 ISA < t *8ttiitt*?B*t*K x«*t 6 0 mm x 6 0 m m <DIE# 0 ©JfcAB 6 0 i: 

ft 9 , ^©*K0 6O©P3JgfS#nIt6tCft3 o 


*ffi0j4<DY-ZIKffirt©)t&0£01 4, 01 5{C^-r o 01 4S(f01 5 tt 

, ®L&?t¥?k 1R, I G, IB <D#3*mSffi8 R. 8G> 8 B *> 6 <£ ffi 3\ 5 $ T FeS © fttt 

Cif T^^T, 01 4li#iStlO0*)tl 1R, 1 1 G, 1 1 B Cfff^^ *) , 01 5 

tt3lffiIEKfttftl2R, 1 2G, S&, 0 16{cc®igS8s0!l<DM 


^ fig 4 {± > 03 (b) JcWiS-r S feOT^oT> B^ftAWftS-fcttA' 2 Ii]S<QA*f<D 

Bicttjeu i msfcttusr-e-f, fro, ^as^ata^ ipi#m« 3 oi©s«sic*ft s 

A*fftfC$fLTA# < 45SlSl©®§OMl?i65. Sfc, 7U*/l'HIS»i2 ' tt 7 U 

*;HlSTM?nt*9, toy u*;i/*ffi8i<o<l;i>fl£M y , W ± ± ft $1 o©l 
Il*ny 7 A3lcj;5fifti*y. 7 U*/UIHIffi£»8 2 ' *s <D A If ft * 0 t f 5 i: , 
MY = 1 7 1 . 54mm 

y = 15. 00° (mffi& 1 . 4 9 2 4 ©Itftft) 
/3 = 2 . 8 8° (fi#r$ 1 . 4 9 2 4 ©Bltf* TO 
y / 0 = 5 . 2 1 

T'&Zo £Tc. &m&yt¥Jik I R . 1 G> 1 B tfitt 8 R , 8G, 8BA^SlI (S 
^C«3OA*f«O I Pffi)'\©W±^)t 4 Sl0R, 10G> 10B©A»fc(fi4ifc)%e 
tL> Slftfll R, 1G, 1 Bfrf,OSfi*?tlfn 6 5 6. 3nm, 5 8 7. 6 n 
m, 486. 1 SnrattStS, 


[ 0 0 5 3 ] 


[ 0 0 5 4 ] 


6 5 6. 3nm 


2 3. 04° 
2 5. 0 0° 
2 8. 2 4° 


9 


5 8 7. 6nm 


4 8 6. 1 3nm 
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[ 0 0 5 5 ] 

$fc, t£H5t« 3 £ LX m^ZMj&m*a 9 <y A <D g ft tt > Ell 6 (a) tUc^filO 
T*&£ 0 »)1£©IS©M*ti» @jgS*P^7A<Dffi©tt±±)tiSll 0G©A*L££Hj5 
(CLT, JP^AI^X-YltU S^ft^?iUG©tftUlffi8GfrP>8ttt£;fr|B|£Z 
iitSo £©£:£, *D^A©^-j££, 016 (b) ML m t «fc 5 £ , iSlx«5l 90 
ranix 2 5 0 mrait5. 3: , M © #> © IS 1 « fu @ (XI, Yl, Zl) fcfcttT 

[ 0 0 5 6 ] 

(XI, Yl, Zl) = ( 0, 116.62,-434. 63) 10 
$ fc » m 2 ft 'M 4> A (Si B (X2, Y2, Z2) (i Ji( T © ii 9 T* & »K 016 (c) fC ^ f 
<fc ? {C , «£ x fit ^ 6 0mmX6 0mm©iii*iot!;i$B)tIi:t2. 

[ 0 0 5 7 ] 

(X2, Y2, Z2) = (0, 0, -450. 00) 
ffiT*feBStt&<$&T'£3fl>fm©8gB#l8£xSf#6 0 m m x 6 OramOiE»»0t^i 

eo^^o^^o^fc^eooR^tt^Br^tc^So 

[ 0 0 5 8 ] 

j-xtc ±e*«« i -4 ©«<a^7^-**js-r. Jt bb <o <t 3 , cnzmmmtcs^ 20 

tt±±ft* 1 OGS, 1 G ©»&« 8 G ©4>>i>£mTffi;f&«3 ©*£>» 

0. sb©^^ 1 * ii>K:S5ft«T?5£«fr«o jBft«ii»K:*i^T» s^ft 
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